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This invention relates to the treatment of solid sub 

stances in granular, particulate, powdered or crystalline 
condition to give them water repellent characteristics, to 
reduce hygroscopicity, tendency toward caking, etc., to 
methods of producing such treated products, to mate 
rials utilized for such purposes, and to packages con 
taining such products. 

Heretofore, some substances like table salt, have been 
mixed with extraneous substances to render them free 
running and to reduce tendency toward caking. But no 
general methods are available for treating materials in 
reduced particle size form to make them water repellent, 
or non-hygroscopic, to prevent caking, etc. 
Among the objects of the present invention is the 

treatment of solid substances in reduced particle size 
Such as granules, powders, crystals, etc., to make them 
water repellent, to reduce caking tendencies, to reduce 
or eliminate hygroscopicity. 

Other objects include the treatment of substances as 
aforesaid by agents or methods which make no percept 
ible change in the treated materials other than in the 
properties stated above. 

Other objects include the treatment of the stated mate 
rials to render them more impervious to water or water 
vapor or condensations of water in order to enhance 
their properties. 

Still further objects and advantages of the present in 
vention will appear from the more detailed description 
set forth below, it being understood, however, that this 
more detailed description is given by way of illustration 
and explanation only, and not by way of limitation, since 
various changes therein may be made by those skilled 
in the art without departing from the spirit and scope 
of the present invention. 

In accordance with the present invention, it has been 
found possible to produce non-hygroscopic, or non-cak 
iing, products from Substances both inorganic and organic 
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in granular, powdered, crystalline, or other particulate 
condition, by a surface treatment which does not visibly 
change the materals treated cther than with respect to 
their water repellent properties as aforesaid. These re 
Sults are accomplished by treating the stated materials 
with a silicon halohydride or an organo silicon halide 
in which the organo radical is selected from aliphatic 
and aromatic radicals. The silicon halohydrides par 
ticularly include the chlorhydrides of silicon which may 
be looked upon as entirely inorganic in character and 
includes silicochloroform, SiHCls (trichlorsilane), di 
chlorsilane, etc.; and this phase of the invention will be 
particularly illustrated by the utilization of silico chloro 
form which represents a preferred manner of carrying 
out that phase of the invention. 
The organo silicon halides include aliphatic, alicyclic 

and carbocyclic silicon halides. As the hydrocarbon 
substituents attached to the silicon in such organo silicon 
halides are included alkyl, aryl, olefinyl, alkenyl, alkynyl, 
arenyl and arynyl, that is generally aliphatic, including 
unsaturated groups such as the olefines and the groups 
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2 
derived from acetylene, aromatic including aryl, aralkyl, 
and alkaryl, alicyclic, and cyloaromatic groups illustrated 
Specifically by methyl, ethyl, propyl, butyl, amyl, hexyl, 
heptyl, octyl, vinyl, allyl, butenyl, and the radicals from 
acetylene, methylacetylene, and so forth; cyclohexyl, 
benzyl, phenyl, tolyl, xenyl, chlorphenyl, styryl, and radi 
cals from such derivatives as phenylacetylene. Such or 
gano Silicon halides include methyl silicon chlorides for 
example methyl silicon trichloride, dimethyl silicon di 
chloride, trimethyl silicon chloride, and corresponding 
halides where ethyl, etc., of any of the groups given im 
mediately above replace methyl in these compounds. 

Mixtures of the treating agents may be employed in 
cluding mixtures of silicon halohydrides, or mixtures of 
organo silicon halides, or mixtures of one or more silicon 
halohydrides with one or more organo silicon halides of 
the character set forth above. 
The treating agent whether a silicon halohydride or 

organo silicon halide, or mixtures thereof, may be ap 
plied in any desired way to the material in particulate, 
granular, crystalline or other condition. Where the sili 
con derivative is a vapor at ordinary temperatures or 
may be readily converted into vapor condition, it may 
be applied to the material in particle condition in the 
form of a vapor. Where solid materials are reduced to 
particle or powdered condition by powdering, grinding, 
or other operations, such operations may themselves be 
carried out in an atmosphere of the silicon treating agent, 
or the latter portion of the powdering, or grinding, or 
other operations may be carried out in an atmosphere 
of the treating agent to produce the effect desired. Or 
a bath of the silicon treating agent may be utilized for 
treating the powdered material either a bath of the sili 
con derivative alone where that is a liquid or may be 
utilized at temperatures at which forms a liquid, or it 
may be employed in solution in a vehicle, solvent, etc. 
The length of time treatment is simply that which is 

necessary to produce the desired protective film to the 
extent sought on the material or product undergoing 
treatment. Thus the material in powdered or analogous 
condition may be exposed to vapors of the stated treating 
agents such as silico chloroform, or an atmosphere con 
taining it, for varying lengths of time, such as from a 
few seconds to five minutes and up to several hours, 
depending upon the particle size, the surface area, and 
other characteristics of the material undergoing treat 
ment. Such treatments may be carried out at ordinary 
temperatures although if desired, higher temperatures 
may be empolyed. 
The exact explanation of the action of the treating 

agent is not known. Apparently, however, the material 
treated has an immeasurably small amount of a pro 
tective film formed thereon and is rendered strongly water 
repelling. 
The material after treatment with the stated silicon 

containing substances, may subsequently be exposed if 
desired to moist air for a short period of time at elevated 
temperatures, but this is not essential. Any residual 
acidity on the material may be neutralized if necessary, 
by exposure of the treated material to a neutralizing agent 
such as ammonia or a volatile amine and the like, or by 
blowing in an air stream, or by washing with water or 
some solvent for the acid. 
The invention is particularly concerned with the treat 

ment of hygroscopic materials to reduce their tendency 
to cake on storage. In addition it may be noted that the 
treatment tends to improve the free-flowing and pouring 
characteristics of the treated materials to a very marked 
degree. A significant utilization is in the treatment of 
inorganic and organic powders, crystalline materials, com 
pounds, salts, etc. Thus agricultural fertilizers may be 
treated; explosive ingredients or compositions may be 
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treated; and particularly the invention may be utilized 
in this connection for the treatment of any substances that 
exhibit high water absorption and tendency toward cak 
ing, which characteristics it is desired to eliminate or 
control for particular purposes. The variety of inor 
ganic and organic powders, crystalline materials, grail 
ules, particles, etc. that may be treated are legion, but 
to illustrate them there may be mentioned such sub 
stances as monosodium phosphate, disodium phosphate, 
calcium chloride, ammonium nitrate, urea, cement, bak 
ing powders, sugar, salt, etc. 

In this connection it should be pointed out that de 
pending on the extent of treatment, it is possible in this 
way to control the solubility of a substance in a liquid 
or solvent and to reduce its rate of solution therein. This 
expedient may be employed both where mere solution 
without chemical reaction is desired, as well as where 
the treated components are to enter into reaction either 
with each other or with the liquid or solvent. And in 
fact, substances which must under other conditions be 
packaged separately to avoid interreaction between them, 
may be treated in accordance with the present invention 
to give them sufficient water repellency so that they may 
be packaged at one and the same time without separation 
in order to produce a package containing mixed materials 
which do not react until substantial quantities of water 
and Suficient length of time is available. 

For some purposes, the substances in granular, powder, 
or other condition, may be treated successively with a 
silicon halohydride, such as silico chloroform, and then 
with an organo silicon halide, such as an alkyl silicon 
halide; or the steps of treatment may be reversed and the 
material treated with an alkyl silicon halide or other 
organo silicon halide first, followed by treatment with 
the silicon halohydride, such as silico chloroform. And 
Such Successive treatments may be carried out utilizing 
a vapor treatment in one stage followed by a liquid treat 
ment in the other, or with a liquid or bath treatment in 
the first stage, followed by vapor treatment in the sec 
ond. The treatment of materials with successive types of 
the silicon treating agents has advantages in some in 
stances since the initial treatment conditions the ma 
terial for the second treatment. Instead of using the 
same silicon derivative for treatment of all of the ma 
terials in a given batch, portions of the materials under 
going treatment may be treated with one type of treat 
ing agent and other portions with another type. Or where 
mixtures of hygroscopic substances, for example, are to 
be utilized, one of the substances may be treated with one 
type of silicon treating agent while the other is treated 
with another type of silicon agent and the resulting treated 
products then mixed to produce the final mixture desired. 

Instead of treating the material alone, the treatment 
may be applied also to packages containing such sub 
stances and articles as set forth above, where the article 
within the package is one that is to be protected, par 
ticularly one which is to be protected against moisture. 
These methods may be applied directly to packages of 
the stated powdered, granular, or other substances, par 
ticularly when hygroscopic, and eliminate the difficulties 
heretofore experienced in the art in an attempt to pro 
duce sealed packages with wrapping material Such as 
“Cellophane,” wax paper, etc. 
The following examples illustrate the invention. 
Example 1.-Several fine dried inorganic and organic 

powders were treated with silico chloroform. These in 
cluded monosodium phosphate, disodium phosphate, urea, 
calcium chloride, ammonium nitrate, and a Special blend 
of agricultural fertilizer; all noted for their high water 
absorption and tendency towards caking. 
The treatment consisted in dropping the powder rapidly 

through a six inch column of silico chloroform vapor. 
All powders so treated showed increased free-flowing and 
ecreased water absorption and caking compared to un 

treated samples. In all cases, but calcium chloride, Water 
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4 
repellency of the powders was so great that instead of 
sinking and dissolving rapidly in distilled water as the 
untreated powders did, the treated Samples floated on 
the surface and dissolved slowly, in some cases, over a 
period of several days. 

Quantitative measurements on the disodium phosphate 
showed that under ordinary indoor conditions untreated 
samples absorbed five times as much water as treated 
OCS. 

Example 2.- The same substances referred to in Ex 
ample 1 above may be treated with the vapor of methyl 
silicon chloride under conditions analogous to those Set 
forth above in Example 1 to improve the water repellency 
of the powders, to reduce caking, etc. 

Example 3.- The same substances as those set forth 
in Example 1 above may be treated in an atmosphere con 
taining a mixture of vapors of silico chloroform and 
methyl silicon chloride under conditions and methods of 
treatment analogous to those set forth in Example 1 to 
produce decreased water absorption in the stated mate 
rials, free flowing characteristics, reduction in caking, hy groscopicity, etc. 
Example 4.-Anhydrous, granular aluminum chloride 

was passed three times through a 6 inch column of silico 
chloroform vapor and after such treatment was found to 
hydrolyze less rapidly on contact with moisture than the 
untreated material. The treated sample flowed much 
incre freely. In lieu of the silico chloroform vapor, alkyl 
silicon halides may be employed, or mixtures of the 
silico chloroform with alkyl silicon halides may be utilized 
under similar conditions and method of treatment. 

Example 5.-Granulated sugar was passed once through 
the 6 inch column of silico chloroform vapor. When 
dropped on water the treated sugar floated for a short 
time while slowly dissolving streamers sank down from 
the particles. After about 5 seconds, the sugar slowly 
sank and finally dissolved, yielding a clear solution. Un 
treated sugar sank immediately. No difference was noted 
in taste between treated and untreated sugar either in 
solid form or in solution. 

Similarly the sugar may be treated with the organo 
silicon halides as set forth above or with mixtures of 
the organo silicon halides and the silicon halohydrides to 
produce analogous results. 

Example 6.-Samples of coarse table salt were passed 
through the 6 inch column of silico chloroform vapor; 
one sample three times and the other sample 6 times. 
The former sample on being dropped in the water floated 
for several seconds, then sank in one mass, and slowly 
dissolved. The latter, sample floated and was insoluble 
in water. The particles of untreated salt when dropped 
on water dispersed themselves and sank to the bottom. 
The treated samples flowed very much more freely. 

Similarly the salt may be treated with mixtures of the 
silicon halohydrides such as silicon chloroform with or 
gano silicon halides such as methyl silicon chloride, or 
the organo silicon halides may be used alone. 

Example 7-Highly powered muscovite mica, of the 
type known commercially as "Mineralite,' was passed 
once through the 6 inch column of silico chloroform 
vapor. Both treated and untreated samples floated when 
dropped on the water, but on stirring the untreated sam 
ples wet through and sank to the bottom. 

Example 8-60-mesh magnesium powder passed twice 
through the column of silico chloroform vapor could not 
be made to sink in water. 

Example 9.-A high grade of plaster of Paris powder 
was treated with silico chloroform vapor for periods of 
various duration. The samples passed through the 
column of silico chloroform vapor once and 4 times were 
so water repellent that they could not be hydrated to 
yield a molding paste. A wetting agent in the water, 
such as soap, tended to break down the water repellency 
of the former sample and cause it to wet through but 
had no effect on the latter. A very short treatment of 
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the plaster of Paris with a very dilute air mixture of the 
silico chloroform vapor gave a product which floated 
indefinitely when dropped on water, but went immediately 
into suspension upon stirring. Untreated plaster sank 
and went into suspension immediately when dropped on 
water. A molding paste prepared from the very mildly 
treated plaster of Paris exhibited the same handling char 
acteristics as that prepared from untreated plaster and 
set to the usual strength in the normal period of time. 
All of the treated plaster samples flowed much more 
freely than the untreated and clumped less readily. 

Example 10-A 0.05% solution of silico chloroform 
in a light petroleum fraction known commercially as 
"Skellysolve-B" was used to wash over samples of sodium 
sulfate, ammonium nitrate, and disodium phosphate. 
After air drying all specimens exhibited strong water re 
pellent properties. 

Example II-Portland cement powder was given a 
vapor phase treatment by being dropped through a 20 
inch column of silico chloroform vapor. The treated 
material floated when dropped on water but upon vigor 
ous stirring rapidly became hydrated, whereas untreated 
cement sinks and hydrates immediately. The treated 
cement was noticeably smoother and freer flowing, al 
though the final hydration product of both treated and 
untreated samples were identical in all respects. 

Example 12-Two different compositions of phosphate 
baking powders were each divided into three portions. 
The first portions were untreated and kept as a control. 
The second portions were passed once through a 6-inch 
column of silico chloroform vapors and the third were 
passed through the same column three times. On being 
dropped into water the untreated controls sank immedi 
ately and effervesced. The mildly treated specimens 
floated and slowly sent down streamers into the water 
which reacted as they sank. The heavily treated ex 
amples floated and did not react until the water was 
warmed. 
As explained above in connection with Examples 1 

to 6, so too Examples 7 to 12 may be carried out by 
utilizing organo silicon halides in lieu of the silico chloro 
form, for example, methyl and ethyl silicon chlorides, 
etc. may be so utilized, or mixtures of the organo silicon 
halides with the silicon halohydride may be employed. 
Or as explained earlier in the specification these sub 
stances and groups of substances may be applied suc 
cessively to the treatment of one or more materials, 
either in the same batch or in separate batches for sub 
Sequent mixing, etc. 

Further, in lieu of the alkyl silicon halides such as 
methyl silicon halide, etc., an alkyl silicochloroform such 
as methyl silicochloroform, etc., may be used either by 
itself for any of the treatments set forth herein, or in 
mixtures with any of the other stated materials for any 
of the purposes set forth above. The silicon derivative 
containing an Si-H bond may thus have the formula 
RaSiH)24-a-y where R is a monovalent hydrocarbon 
radical as hereinabove set forth, x is from 0 to 2, y is from 
1 to 2, Z is a hydrolyzable group, and x-y is not greater 
than 3. 

This application is a continuation-in-part of prior ap 
plication Serial No. 626,889, filed November 5, 1945, en 
titled "Hygroscopic Water-Soluble Solid Bodies Made 
Water-Resistant and Process Therefor.' 

Having thus set forth our invention, we claim: 
1. A hygroscopic substance normally water non-re 

pelient in particulate condition treated with an organo 
silicon halide unreactive with said substance and in fluid 
form the organo radical being a monovalent hydrocarbon 
to reduce its hygroscopicity Substantiaily, the treated sub 
stance showing no perceptible change other than in re 
spect to its water repellent properties. 

2. A hygroscopic powdered substance normally water 
non-repellent normally tending to cake, treated with an 
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6 
organo silicon halide, unreactive with said substance and 
in fluid form, the organo radical being a monovalent hy 
drocarbon, to reduce its caking propensity substantially, 
the treated substance showing no perceptible change other 
than in respect to its water repellent properties. 

3. A hygroscopic crystalline substance normally water 
non-repellent treated with an organo silicon halide, un 
reactive with said substance and in fiuid form, the or 
gano radical being a monovalent hydrocarbon, the treated 
substance showing no perceptible change other than in 
respect to its water repellent properties. 

4. A hygroscopic powdered inorganic substance nor 
mally water non-repellent normally tending to cake, 
treated with an organo silicon halide, unreactive with 
said substance and in fluid form, the organo radical be 
ing a monovalent hydrocarbon to reduce its hygro 
scopicity, the treated substance showing no perceptible 
change other than in respect to its water repellent prop 
erties. 

5. A hygroscopic powdered organic substance nor 
mally water non-repellent normally tending to cake, 
treated with an organo silicon halide, unreactive with 
said substance in fluid form, the organo radical being a 
monovalent hydrocarbon, to reduce its hygroscopicity, 
the treated substance showing no perceptible change other 
than in respect to its water repellent properties. 

6. The method which comprises treating a solid hy 
groscopic substance normally water non-repellent, in 
particulate condition, to reduce its hygroscopicity with an 
organo silicon halide, the organo radical being a mono 
valent hydrocarbon group, the treated substance showing 
no perceptible repellent properties. 

7. The method which comprises treating a hygro 
scopic substance normally water non-repellent in par 
ticulate condition to reduce its hygroscopicity with a mix 
ture unreactive with said substance and in fluid form of 
a silicon halohydride and an organo silicon halide, the 
organo radical being a monovalent hydrocarbon, the 
treated substance showing no perceptible change other 
than in respect to its water repellent properties. 

8. The method which comprises treating a hygroscopic 
substance normally water non-repellent in particulate 
condition successively to reduce its hygroscopicity with a 
silicon halohydride unreactive with said substance and 
in fluid form, and an organo silicon halide unreactive 
with said substance and in fluid form, the organo radical 
being a monovalent hydrocarbon, the treated substance 
showing no perceptible change other than in respect to 
its water repellent properties. 

9. The method which comprises treating a hygroscopic 
Substance normally water non-repellent in particulate 
condition to reduce its hygroscopicity successively with 
an organo silicon halide, unreactive with said substance 
and in fluid form, the organo radical being a monovalent 
hydrocarbon, and a silicon halohydride unreactive with 
said substance and in fluid form, the treated substance 
showing no perceptible change other than in respect to 
its water repellent properties. 

10. An article of manufacture comprising a mixture 
of hygroscopic Substances normally water non-repellent 
in particulate condition, one of said substances treated 
with a silicon chlorhydride unreactive with said sub 
stance and in fluid form and the other with an organo 
silicon halide, unreactive with said substance and in 
fluid form, the organo radical being a monovalent hydro 
carbon, the treated substances showing no perceptible 
change other than in respect to their water repellent 
properties. 

1i. A package containing a material as set forth in 
claim 1, the package having a surface treated with an 
organo silicon halide, the organo group being a mono 
Valent hydrocarbon radical, the treated package showing 
no perceptible change other than in respect to its water 
repellent properties. 
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12. A hygroscopic water-soluble solid body having in 
corporated on the surface thereof, a thin coating of a 
vaporizable organo-silicon halide whereby the body is 
rendered non-hygroscopic without destroying its water 
solubility. 

13. The process of treating a hygroscopic water-soluble 
solid body which comprises contacting said body with the 
vapors of an organo-silicon halide whereby the body is 
rendered non-hygroscopic without destroying its water 
solubility. 

14. Process according to claim 13 in which the organo 
silicon halide is methylsilicon chloride. 

15. The process of treating common salt by which 
common Salt is rendered non-hygroscopic without de 
stroying its water solubility, which comprises contacting 
said common salt with the vapors of an organo silicon 
halide. 

16. The process of treating common salt according to 
claim 15 in which the organo silicon halide is methyl 
Silicon chloride. 

17. A hygroscopic water-soluble solid body having in 
corporated on the surface thereof a coating of an organo 
silicon halide whereby the body is rendered non-hygro 
Scopic without destroying its water solubility. 

18. Common salt having incorporated on the surface 
thereof a coating of an organo-silicon halide whereby the 
salt is rendered non-hygroscopic without destroying its 
water solubility. 

19. Ammonium nitrate having incorporated on the 
Surface thereof a coating of an organo-silicon halide 
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whereby the nitrate is rendered non-hygroscopic without 
destroying its water solubility. - 

20. A hygroscopic water-soluble solid body treated on 
the surface thereof with a compound having the formula 
RaSiZ64-a) where R is a monovalent hydrocarbon radical, 
Z is a hydrolyzable group and x is from 1 to 3, whereby 
the body is rendered non-hygroscopic without destroying 
its water solubility. 

21. A hygroscopic water soluble solid body treated 
on the surface thereof with a mixture of silicochloroform 
and methyl silicon chloride whereby the body is rendered 
non-hygroscopic without destroying its water solubility. 

22. A hygroscopic water-soluble solid body as set forth 
in claim 20 in which R is methyl and Z is chlorine. 
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